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Hall, Harbin, Heilongjiang, China

Background: While an elevated risk of second primary cancers (SPCs) has been
observed in many other cancers, risk of SPCs has not been quantified in patients
with rectal neuroendocrine neoplasms (NENSs).

Methods: Survivors of primary rectal NENs diagnosed between 2000 and 2018
were identified from the Surveillance, Epidemiology, and End Results (SEER)-18
registries. Relative risk of SPCs was estimated as the standardized incidence ratio
(SIR), which was calculated using SEER*Stat software.

Results: Between 2000 and 2018, a total of 15836 patients diagnosed with rectal
NENs, of whom 1436 (9.1%) received diagnosis of SPCs (SIR: 1.19, 95%Cl: 1.13-
1.26). The majority of patients were aged 50-69 and had their first cancer
diagnosed at the localized stage. Male survivors had a higher propensity for
developing SPCs overall, while female survivors exhibited higher risks of specific
SPCs. Age at diagnosis of rectal NENs influenced the risk of SPCs, with younger
patients having greater risks. A statistically significant increase in the incidence of
SPCs was observed among patients aged 30-64 years. Black patients had higher
relative risks of certain SPCs, while White patients had a lower risk of subsequent
melanoma. Trend analysis revealed that the highest excess burden of SPCs was
observed in the years 2000 to 2002. Risk of SPCs remained elevated within the
first four years post-diagnosis for survivors of rectal NENs, but diminished
thereafter.

Conclusion: The study revealed that individuals who survived rectal NENs were
at an elevated risk of developing SPCs compared to the general population. Our
results hold important implications for the formulation of lifelong surveillance
recommendations for cancer survivors.
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Introduction

Neuroendocrine neoplasms (NENSs) are a heterogeneous group
of uncommon diseases with varied clinical characteristics and
biological behaviors which arising from neuroendocrine cells
throughout the diffuse endocrine system (1, 2). Due to advances
in diagnostic technologies, there has been a significant increase in
the detection of NENs both in the United States and globally (3-5).
Rectal NENs are one of the main subtypes of NENs in the
gastrointestinal tract (6, 7). Despite the typically indolent nature
of rectal NENs and the improving outcomes in cancer management,
survivors of these tumors still remain at a higher risk of developing
second primary cancers (SPCs) during their cancer survivorship (8,
9). The heightened risk of SPCs may be partially attributed to
genetic susceptibility and shared risk factors between NENs and
secondary malignancies. Furthermore, regular medical surveillance
for cancer survivors often leads to the frequent detection of SPCs.

In order to mitigate the relative risk of SPCs, it is imperative for
individuals who have been diagnosed with rectal NENs to undergo
regular follow-up visits and screenings as recommended by their
healthcare providers. While previous studies have assessed the
relative risk of SPCs in patients with various other cancers, there
is a lack of research specifically examining the risk of developing a
secondary malignancy among rectal NENs survivors in comparison
to the general population in the United States. Therefore, in this
present study, we attempted to comprehensively evaluate the
relative risk of SPCs among patients with a history of rectal
NENSs using data from the SEER-18 program and to demonstrate
the need for the development of appropriate surveillance protocols
for this high-risk patient population.

Materials and methods

Patients who were histologically diagnosed with rectal NENs
were extracted from the Surveillance, Epidemiology, and End
Results (SEER)-18 registries, which includes nearly 28% of the US
population from 2000 to 2018. This database includes incidence and
population data stratified by race, sex, year of diagnosis, geographic
area, and age. An at least 2-month latency between first rectal NENs
diagnosis and SPCs was used to exclude synchronous primary
malignancies. The study protocol was approved by the
Institutional Review Board (IRB) of Second Affiliated Hospital of
Harbin Medical University, and the requirement for written
informed consent was waived due to the study’s design.

Statistical analysis

Standardized incidence ratios (SIRs) and absolute excess rate
(AER) per 10,000 person-years were calculated to estimate the
relative risk of a SPCs among rectal NENs survivors relative to
the year 2000 US general population. Poisson regression models
were used to calculated the corresponding 95% confidence intervals
(CIs). All analyses were conducted by the SEER*Stat software.
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Results

Between 2000 and 2018, we identified 15836 patients diagnosed
with rectal NENs, of whom 1436 (9.1%) received diagnosis of a
second primary cancer. The detailed demographics and
characteristics of the entire study population are presented in
Table 1. The majority of patients (66.7%) were between the ages
of 50 and 69, and 78.3% had their first cancer diagnosed at the
localized stage. More than half of the patients were of white
ethnicity (55.6%) and were married (52.4%). The majority of
patients (81.7%) underwent surgical intervention as the primary
treatment for their initial malignancy, while only a small minority
(2.9%) received chemotherapy. Male patients demonstrated a
higher propensity for developing subsequent malignancies
compared to female patients. Likewise, among those who received
a diagnosis of a SPC, the majority had their initial malignancy
identified at the localized stage.

Risk and burden of SPC

Figure 1 displays the risk and burden of SPCs overall and by
patient characteristics. Among the study population, a total of 1436
patients developed a SPC, surpassing the expected cases if these
patients had the same cancer risk as the general population. The SIR
of developing a SPC was 1.19 (95%CI: 1.13-1.26) and the EAR was
21.51 cases per 10000 person-years. Among all patients with rectal
NENSs in the SEER database, there was a notable increase in the risk
of developing four specific subsequent primary cancers: colorectum,
prostate, thyroid, and lymphoma (Figure 2). The relative risk was
highest for the occurrence of second colorectal cancers (SIR: 2.34,
95%CI: 2.08-2.63). Additionally, patients with rectal NENs
exhibited significantly lower incidence rates of certain cancers
compared to the general US population, including melanoma of
the skin and female genital system cancers. Rectal NENs survivors
who had their disease diagnosed at the unknown stage or at the
localized stage exhibited a higher risk of developing SPCs, with SIRs
of 1.24 (95%CI: 1.07-1.43) and 1.18 (95%CIL: 1.12-1.25),
respectively. Furthermore, patients who underwent surgery or
chemotherapy for their initial malignancy had a more
pronounced relative risk of developing subsequent cancers
compared to those who did not receive these treatments.

For male survivors, a 25% increased relative risk was observed
for SPCs overall (Table 2). Similarly, female survivors exhibited a
13% increased relative risk for SPCs overall. Further analysis by sex
revealed that female patients had higher relative risks of developing
SPCs in the colorectum, kidney and renal pelvis, and thyroid.
However, male survivors only displayed an elevated risk of
second primary colorectal and prostate cancers compared to the
general population. Both of them showed a reduced risk of
developing second melanoma of the skin relative to the age-
matched US population.

The impact of age at diagnosis of first primary rectal NENs on
the risk of SPCs was examined in our study (Table 3). Rectal NENs
patients diagnosed at less than 50 years old had a significantly
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TABLE 1 Patient demographics of the study cohort, SEER 2000-2018.

Frequency (%)

Rectal NENs
(n=14427)

SPCs
(n=1436)

All patients

Characteristics | (n=15863)

Age at diagnosis of first malignancy

<50 3708 (23.4) 3529 (24.5) 179 (12.5)

50-69 10573 (66.7) 9553 (66.2) 1020 (71.0)

=70 1582 (9.9) 1345 (9.3) 237 (16.5)
Gender

Female 7943 (50.1) 7333 (50.8) 610 (42.5)

Male 7920 (49.9) 7094 (49.2) 826 (57.5)
Race

White 8822 (55.6) 8027 (55.6) 795 (55.4)

Black 3796 (23.9) 3367 (23.3) 429 (29.9)

Other 3245 (20.5) 3033 (21.1) 212 (14.7)
Marital status at diagnosis of first malignancy

Married 8315 (52.4) 7527 (52.2) 788 (54.9)

Unmarried 7548 (47.6) 6900 (47.8) 648 (45.1)
Year of diagnosis of first malignancy

2000-2009 6996 (44.1) 6056 (29.2) 970 (67.5)

2010-2018 8867 (55.9) 8401 (70.8) 466 (32.5)
Tumor grade at diagnosis of first malignancy

Well differentiated 5633 (35.5) 5297 (36.7) 336 (23.4)

Poorly
differentiated 381 (2.4) 363 (2.5) 18 (1.3)

Unknown 9849 (62.1) 8767 (60.8) 1082 (75.3)
Stage at diagnosis of first malignancy

Localized 12424 (78.3) 11212 (77.7) 1212 (84.4)

Regional 298 (1.9) 277 (1.9) 21 (1.5)

Distant 493 (3.1) 484 (3.4) 9 (0.6)

Unstaged 2648 (16.7) 2454 (17.0) 194 (13.5)
Received surgery for first malignancy

Yes 12953 (81.7) 11781 (81.7) 1172 (81.6)

No 2910 (18.3) 2646 (18.3) 264 (18.4)
Received chemotherapy for first malignancy

Yes 466 (2.9) 450 (3.1) 16 (1.1)

No 15397 (97.1) 13977 (96.9) 1420 (98.9)

NENSs, neuroendocrine neoplasms; SPC, second primary cancers.

elevated risk of developing SPCs compared to the general
population (SIR: 1.49, 95%CI: 1.28-1.72). Similarly, patients aged
50-69 and 270 years exhibited overall relative risks that were 16%
and 18% higher, respectively. When examining specific SPCs,
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significantly increased relative risks were observed for colorectal
cancer and pancreatic cancer among survivors younger than 50
years old at the time of their first cancer diagnosis. For individuals
aged 50-69 years, the risks of developing second colorectal cancer,
prostate cancer, and second thyroid cancer were significantly higher
compared to the general population. Patients older than 70 years
were associated with a higher risk of developing second cancers of
the kidney and renal pelvis, as well as lymphoma.

Race-specific analyses reveal that Black patients had a
significantly higher relative risk of developing secondary cancers
of colorectum, lung and bronchus, prostate, and thyroid compared
to White patients (Table 4). It is noteworthy that White patients
were found to have a significantly lower risk of subsequent
melanoma of the skin (SIR: 0.51, 95%CI: 0.32-0.78).

Patients diagnosed with poorly differentiated rectal NENs
exhibited a statistically significant increase in the SIR for
developing SPCs at all sites (SIR: 1.80, 95% CI: 1.07, 2.85)
(Table 5). Among patients with well-differentiated tumors, prostate
cancer was the most common subsequent primary cancer, showing a
74% increase compared to the general population.

Stage-specific risk analyses indicate that patients with localized
rectal NENs had a higher likelihood of developing SPCs, with a SIR
of 1.18 between 2000 and 2018. Notably, patients with regional
disease had a significantly elevated risk of developing second
hepatobiliary cancers compared to the general US population
(SIR: 591, 95% CI: 1.22-17.27), whereas this increased risk was
not observed for patients with distant rectal NENs (Table 6).

Trend in excess burden of SPC

Figure 3 illustrates the temporal pattern of the burden of SPCs
among rectal NENs survivors in the United States from 2000 to
2018. The analysis reveals that the highest excess burden of SPCs
was observed in the years 2000 to 2002. Subsequently, there was a
gradual decrease in the burden until 2003-2005. From 2005
onwards, the excess burden of SPCs remained relatively stable,
with minor fluctuations.

Risk of SPC by time latency

Our study demonstrates that the risk of SPCs remains elevated
compared to the age-matched general US population within the first
four years following a rectal NENs diagnosis, but this increased risk
diminishes after four years (Figure 4).

Risk of SPC by age at rectal NENs diagnosis

Stratifying the SIRs by age at diagnosis of rectal NENs, we
observed a statistically significant increase in the incidence of SPCs
among patients aged 30-64 years. As age increased within this
range, the SIR gradually declined, while still maintaining statistical
significance, as demonstrated in Figure 5.
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Subgroup o E EAR PYs Age* SIR (95%CI)
Total 1436 1202.15 21.51 108695.31 65.22 - 1.19(1.13, 1.26)
Age at diagnosis of first malignancy
<50 years 179 120.16 20.75 28357.60 50.04 —— 1.49(1.28,1.72)
50-69 years 1020 881.97 19.37 71242.01 64.50 - 1.16(1.09, 1.23)
270 years 237 200.01 40.66 9095.69 79.77 - 1.18(1.04, 1.35)
Gender
Male 826 662.36 30.85 53049.85 65.35 - 1.25(1.16, 1.34)
Female 610 539.79 12.62 55645.45 65.04 ] 1.13(1.04, 1.22)
Race
White 795 733.69 9.78 62683.07 65.51 b 1.08(1.01, 1.16)
Black 429 288.56 57.48 24430.51 64.15 [=al 1.49(1.35, 1.63)
Other 212 179.90 14.87 21581.72 66.28 e 1.18(1.03, 1.35)
Marital status at diagnosis of first malignancy
Married 788 675.82 18.74 59852.55 65.06 L 1.17(1.09, 1.25)
Unmarried 648 526.33 2491 48842.76 65.40 L 1.23(1.14, 1.33)
Year of diagnosis of first malignancy
2000-2009 970 880.94 11.87 75046.72 66.35 - 1.10(1.03, 1.17)
2010-2018 466 321.21 43.03 33648.59 62.87 = 1.45(1.32, 1.59)
Tumor grade of first malignancy
Well differentiated 336 259.29 2943 26064.41 63.61 (=] 1.30(1.16, 1.44)
Poorly differentiated 18 9.97 97.81 820.59 55.95 — 1.80(1.07, 2.85)
Unknown 1082 932.88 1823 81810.31 65.87 - 1.16(1.09, 1.23)
Tumor stage of first malignancy
Localized 1212 1024.95 20.18 92681.65 65.23 - 1.18(1.12, 1.25)
Regional 21 15.99 36.45 1373.54 64.33 — 1.31(0.81, 2.01)
Distant 9 10.07 -11.40 938.49 59.02 — 0.89(0.41, 1.70)
Unstaged 194 156.46 2647 13475.80 66.11 -y 1.24(1.07, 1.43)
Received surgery for first malignancy
Yes 1172 995.44 19.55 90294.68 64.98 - 1.18(1.11, 1.25)
No 264 206.71 31.14 18400.62 66.26 e 1.28(1.13, 1.44)
Received ch herapy for first mali;
Yes 16 10.80 52.39 992.95 56.43 —— 1.48(0.85, 2.41)
No 1420 1191.35 21.23 107702.36 65.32 - 1.19(1.13, 1.26)
——
2 3
SPM: second primary cancer; O: observed; E: expected; EAR: excess absolute risk; PYs: person-years; age*: mean age at event; SIR: dardized incid ratio; CI: id interval.
FIGURE 1
Risk of developing SPCs stratified by patient characteristics of rectal NENs in the United States between 2000 and 2018.
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FIGURE 2

Risk of developing specific SPCs after rectal NENs in the overall study population. (A) SIRs with corresponding 95% Cls. (B) EAR per 10,000 person-years
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TABLE 2 Relative risk of selected SPCs after first rectal NENs by sex in US from 2000 through 2018.

Males Females

Observed Expected SIR(95%CI) Observed Expected SIR(95%CI)
All sites 826 662.36 1.25% (1.16, 1.34) 610 539.79 1.13* (1.04, 1.22)
All solid tumors 732 580.54 1.26* (1.17, 1.36) 537 478.96 1.12* (1.03, 1.22)
Oral cavity and pharynx 24 23.04 1.04 (0.67, 1.55) 4 8.11 0.49 (0.13, 1.26)
Esophagus 6 9.83 0.61 (0.22, 1.33) 1 2.60 0.38 (0.01, 2.14)
Stomach 11 13.18 0.83 (0.42, 1.49) 12 7.60 1.58 (0.82, 2.76)
Small intestine 7 3.58 1.95 (0.79, 4.02) 3 3.04 0.99 (0.20, 2.88)
Colorectum 119 62.18 1.91% (1.59, 2.29) 128 51.89 2.47* (2.06, 2.93)
Hepatobiliary 30 25.92 1.16 (0.78, 1.65) 10 11.43 0.88 (0.42, 1.61)
Pancreas 28 18.97 1.48 (0.98, 2.13) 17 16.33 1.04 (0.61, 1.67)
Lung and bronchus 106 87.42 1.21 (0.99, 1.47) 73 70.14 1.04 (0.82, 1.31)
Melanoma of the skin 15 2941 0.50* (0.28, 0.83) 7 15.85 0.44* (0.18, 0.91)
Breast NA NA NA 153 166.86 0.92 (0.78, 1.07)
Female genital system NA NA NA 49 66.51 0.74 (0.55, 0.97)
Prostate 298 201.06 1.48% (1.32, 1.66) NA NA NA
Urinary bladder 25 37.85 0.66 (0.43, 0.98) 10 10.77 0.93 (0.45, 1.71)
Kidney and renal pelvis 28 28.51 0.98 (0.65, 1.42) 24 15.01 1.60* (1.02, 2.38)
Thyroid 10 6.99 1.43 (0.69, 2.63) 30 16.56 1.81% (1.22, 2.59)
All hematopoietic malignancies 67 57.55 1.16 (0.90, 1.48) 49 41.72 1.17 (0.87, 1.55)
Lymphoma 38 28.15 1.35 (0.96, 1.85) 27 2091 1.29 (0.85, 1.88)
Myeloma 11 11.50 0.96 (0.48, 1.71) 11 9.24 1.19 (0.59, 2.13)
Leukemia 18 17.90 1.01 (0.60, 1.59) 11 11.58 0.95 (0.47, 1.70)

SPCs, second primary cancers; NENs, neuroendocrine neoplasms; SIR, standardized incidence ratio; CI, confidence interval; NA, not applicable.

* means having statistical significance.

Discussion

As aresult of advancements in cancer detection and management,
the extended survivorship of cancer patients may have led to an
increased risk of developing SPCs (10, 11). A better understanding of
the relative risk in this population is crucial for improving lifelong
surveillance, especially in diseases where therapeutic innovations have
significantly improved the survival from the first primary cancer. This
is true for rectal NENs as well, where recent advances in treatments
have shown promising results in improving patient outcomes for
rectal NENSs, including those with high-risk disease (12-15). The
occurrence of SPCs may be influenced by shared etiological factors,
environmental exposures, and prior cancer treatments. In this study,
we assessed the risks of SPCs among patients with a history of rectal
NENSs in the United States. Our findings revealed an increased relative
risk of SPCs among rectal NENs patients (SIR: 1.19, 95%CI: 1.13-1.26,
EAR: 21.51 cases per 10000 person-years). This study demonstrates a
significant and persistent risk of SPCs among rectal NENs survivors,
particularly within the first four years after their cancer diagnosis.

Frontiers in Oncology

These results contribute to the growing body of evidence highlighting
the elevated risk of SPCs in cancer survivors. To the best of our
knowledge, it is the first study to investigate the relative risk of second
cancer development in survivors of rectal NENs based on a large
cohort of study participants in the United States.

Our study addresses the question of how to effectively identify
rectal NENs patients at a higher risk of developing SPCs. Through
analyses of SIR by patient characteristics, we identified significant
associations between SPCs and a prior diagnosis of rectal NENG.
Male survivors were found to have a higher risk of SPCs diagnosis
compared to their female counterparts (SIR: 1.25 versus 1.13).
Notably, female patients had a significantly increased risk of
developing second thyroid cancer relative to the general US
population. Our results also showed that the age at diagnosis of
first rectal NENs was a significant factor in the risk of developing
SPCs among this population. For individuals aged less than 50 years
old, the relative risk of SPCs was significantly elevated by 49% for all
cancers combined, compared to matched peers in the general US
population. Specially, survivors under the age of 50 at initial cancer

05 frontiersin.org


https://doi.org/10.3389/fonc.2023.1248268
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wan et al. 10.3389/fonc.2023.1248268

TABLE 3 Relative risk of selected SPCs after first erctal NENs by age at diagnosis in US from 2000 through 2018.

< 50 years 50-69 years > 70 years
SIR SIR SIR
Observed Expected (95%Cl) Observed Expected (95%Cl) Observed Expected @(95%Cl)
1.49* 1.16* 1.18*
All sites 179 120.16 (1.28, 1.72) 1020 881.97 (1.09, 1.23) 237 200.01 (1.04, 1.35)
1.49* 1.17% 1.15 (0.99,
X 160 107.28 194 168.72
All solid tumors (1.27, 1.74) 915 783.51 (1.09, 1.25) 1.32)
Oral cavity and 1.03 (0.28, 0.89 (0.55, 0.81 (0.17,
4 3.88 21 23.57 3 3.71
pharynx 2.64) 1.36) 2.37)
0 097 0.00 (0.00, 6 037 0.64 (0.24, 1 2.09 0.48 (0.01,
Esophagus : 3.80) ’ 1.39) ’ 2.66)
. .01, 1.2 .74, 0.88 (0.24,
1 1.79 056 (0 18 14.44 50 4 4.54 (
Stomach 3.11) 1.97) 2.26)
1.43 (0.04, 1.63 (0.70, 0.97 (0.02,
R . 1 0.70 8 4.90 1 1.03
Small intestine 7.99) 3.22) 5.41)
4.61* 2.00* 1.44 (0.98,
55 11.93 160 79.90 32 22.23
Coloretum (3.47, 6.00) (1.70, 2.34) 2.03)
2.16 (0.87, 0.91 (0.60, 1.25 (0.50,
. 7 3.24 ( 26 28.52 ( 7 5.58 (
Hepatobiliary 4.45) 1.34) 2.59)
2.85* 1. 71, 1.4 71,
7 2.46 85 27 25.13 07 (07 11 7.70 3 (07
Pancreas (1.15, 5.87) 1.56) 2.55)
1.18 (0.59, 1.17 (0.98, 0.99 (0.68,
11 9.34 135 115.01 33 33.20
Lung and bronchus 2.11) 1.39) 1.40)
Melanoma of the 6 =02 1.01 (0.37, " 32,36 0.43* ) 728 0.27*
skin ' 221) ’ (0.24, 0.73) ’ (0.03, 0.99)
22 25.28 087 (0.55, 107 121.82 088 (0.72, 26 21.30 1.22 (0.80,
Breast ’ 1.32) ’ 1.06) : 1.79)
E 1 . .33 .69% . /0,
emale genital 5 018 0.33 a4 1937 0.69 " 795 1.51 (0.78
system (0.07, 0.95) (0.48, 0.96) 2.64)
129 (0.75, 151 1.38 (0.96,
17 13.22 247 163.19 34 24.65
Prostate 2.06) (1.33, 1.71) 1.93)
1.55 (0.42, 0.75 (0.48, 0.48 (0.18,
X 4 2.58 25 33.51 3 12.52
Urinary bladder 3.97) 1.10) 1.04)
Kidney and renal 1.63 (0.70, 0.98 (0.67, 2.03*
8 491 32 3271 12 5.90
pelvis 3.21) 1.38) (1.05, 3.55)
1.93 (0.97, 1.78* 0.00 (0.00,
11 5.69 29 16.30 0 1.57
Thyroid 3.46) (1.19, 2.56) 2.35)
All hematopoietic 1.12 (0.56, 1.10 (0.87, 1.45 (0.96,
R X 11 9.84 77 70.09 28 19.34
malignancies 2.20) 1.37) 2.09)
1.29(0.52, 1.19 (0.85, 1.86%
7 5.44 41 34.47 17 9.14
Lymphoma 2.65) 1.61) (1.08, 2.98)
1 L67 0.60(0.02, 15 15.14 0.99 (0.55, 6 3.2 1.53 (0.56,
Myeloma ' 3.33) ' 1.63) ' 3.33)
1.10(0.23, 1. .64, 0.80 (0.26,
i 3 2.72 (023 21 20.47 03 (0.6 5 6.29 (026
Leukemia 3.22) 1.57) 1.86)

SPCs, second primary cancers; NENs, neuroendocrine neoplasms; SIR, standardized incidence ratio; CI, confidence interval.
* means having statistical significance.

diagnosis had a significantly increased risk of subsequent colorectal ~ cancer, as well as lymphoma, compared to the general population.
and pancreatic cancers, but a decreased risk of female genital system  As the number of younger cancer patients surviving for several
cancer. On the other hand, individuals older than 70 years had  decades increases, it becomes crucial to understand the impact of
significantly higher risks of subsequent kidney and renal pelvis  specific SPCs diagnoses on survival, which is essential for tailoring
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TABLE 4 Relative risk of selected SPCs after first erctal NENs by race in US from 2000 through 2018.

White Black Other
SIR SIR SIR
Observed Expected (95%Cl) Observed Expected (95%Cl) Observed Expected @(95%Cl)
1.08* 1.49* 1.18*
All sites 795 733.69 (1.01, 1.16) 429 288.56 (1.35, 1.63) 212 179.90 (1.03, 1.35)
695 64336 1.08* 1.49% 1.20%
All solid tumors : (1.01, 1.16) 383 256.95 (1.34, 1.65) 191 159.09 (1.04, 1.38)
Oral cavity and 0.93 (0.56, 0.52 (0.11, 1.20 (0.44,
19 20.41 3 5.73 6 5.01
pharynx 1.45) 1.53) 2.61)
6 704 0.76 (0.28, 1 279 0.36 (0.01, 0 171 0.00 (0.00,
Esophagus : 1.65) ’ 2.00) ’ 2.16)
1. .55, . .49, B .33,
u 10.07 09 (0.55 7 576 1.21 (0.49. 5 495 1.01 (0.33
Stomach 1.96) 2.50) 2.36)
1.42 (0.46, 1.29 (0.27, 2.54 (0.31,
R . 5 3.52 3 2.32 2 0.79
Small intestine 3.31) 3.78) 9.18)
1.93* 2.58* 2.31%
125 64.76 78 30.23 44 19.07
Colorectum (1.61, 2.30) (2.04, 3.22) (1.68, 3.10)
0.96 (0.57, 1.28 (0.66, 1.09 (0.52,
18 18.80 12 9.34 10 9.20
Hepatobiliary 1.51) 2.24) 2.00)
1.19 (0.76, 1.25 (0.65, 1.62 (0.74,
24 20.15 12 9.58 9 5.56
Pancreas 1.77) 2.19) 3.07)
0.98 (0.79, 1.50% 1.15 (0.75,
93 95.10 60 39.87 26 22.58
Lung and bronchus 1.20) (1.15, 1.94) 1.69)
Melanoma of the 2”1 40.96 0.51* 0 0.52 0.00 (0.00, 1 408 0.25 (0.01,
skin ' (0.32, 0.78) ’ 7.13) ' 1.37)
84 08.30 0.85 (0.68, 51 45.04 1.13 (0.84, 20 25.07 0.80 (0.49,
Breast ’ 1.06) ’ 1.49) : 1.23)
F i A .52, E .39, . .22,
emale genital 0 18,88 0.77 (0.52 13 1774 0.73 (0.39 6 9.89 0.61 (0.22
system 1.10) 1.25) 1.32)
1.35* 1.80* 1.41*
158 117.26 102 56.81 38 26.98
Prostate (1.15, 1.57) (1.46, 2.18) (1.01, 1.93)
0.65 (0.41, 1.19 (0.51, 0.61 (0.17,
X 23 35.51 8 6.71 4 6.59
Urinary bladder 0.98) 2.35) 1.55)
Kid, d al 1.20 (0.81, 1.29 (0.70, 1.30 (0.56,
taney and ren 30 25.02 ¢ 14 10.89 ¢ 8 6.14 ¢
pelvis 1.71) 2.16) 2.57)
1.62* 2.18% 1.52 (0.61,
24 14.83 9 4.12 7 4.61
Thyroid (1.04, 2.41) (1.01, 4.15) 3.13)
All hematopoietic 1.12 (0.87, 1.45 (0.99, 0.97 (0.53,
R X 70 62.68 32 22.13 14 14.47
malignancies 1.41) 2.04) 1.62)
0 1271 1.22(0.87, i, ol 1.55 (0.82, i o3 1.51 (0.78,
Lymphoma ’ 1.66) ’ 2.64) ’ 2.64)
1.00(0.48, 1.34 (0.67, 0.40 (0.01,
10 10.01 11 8.24 1 2.49
Myeloma 1.84) 2.39) 2.24)
1.00(0.61, 1.4 .63, . .01,
i 20 19.95 (06 8 5.48 6 (0.63 1 4.05 025 (001
Leukemia 1.55) 2.88) 1.37)

SPCs, second primary cancers; NENs, neuroendocrine neoplasms; SIR, standardized incidence ratio; CI, confidence interval.
* means having statistical significance.

age-specific prevention, screening, and treatment strategies. When developing screening strategies for rectal NENs
However, the underlying reasons for this heightened risk still  survivors, it is crucial to consider the time gap between the initial
remain unclear, and further studies are needed to better  cancer diagnosis and SPCs. Our findings indicate that the risk of
comprehend the diverse age-related risks associated with SPCs. SPCs remains elevated compared to the age-matched general
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TABLE 5 Relative risk of selected SPCs after first rectal NENs by tumor differentiation in US from 2000 through 2018.

Well differentiated Poorly differentiated

Observed Expected SIR(95%CI) Observed Expected SIR(95%CI)
All sites 336 259.29 1.30% (1.16, 1.44) 18 9.97 1.80% (1.07, 2.85)
All solid tumors 298 229.12 1.30% (1.16, 1.46) 16 8.71 1.84* (1.05, 2.98)
Oral cavity and pharynx 4 7.16 0.56 (0.15, 1.43) 1 0.24 4.08 (0.10, 22.76)
Esophagus 1 2.63 0.38 (0.01, 2.12) 0 0.10 0.00 (0.00, 36.16)
Stomach 6 437 1.37 (0.50, 2.99) 1 0.16 6.30 (0.16, 35.10)
Small intestine 2 1.49 1.34 (0.16, 4.85) 0 0.05 0.00 (0.00, 72.13)
Colorectal 55 24.25 2.27* (1.71, 2.95) 7 0.95 7.40% (2.97, 15.24)
Hepatobiliary 9 8.54 1.05 (0.48, 2.00) 1 0.26 3.85 (0.10, 21.42)
Pancreas 9 7.55 1.19 (0.55, 2.26) 0 0.30 0.00 (0.00, 12.20)
Lung and bronchus 38 32.08 1.18 (0.84, 1.63) 2 1.34 1.50 (0.18, 5.41)
Melanoma of the skin 6 10.28 0.58 (0.21, 1.27) 0 0.45 0.00 (0.00, 8.16)
Breast 39 37.96 1.03 (0.73, 1.40) 2 1.45 1.38 (0.17, 4.99)
Female genital system 11 15.04 0.73 (0.37, 1.31) 0 0.56 0.00 (0.00, 6.54)
Prostate 73 42.00 1.74* (1.36, 2.19) 0 1.46 0.00 (0.00, 2.53)
Urinary bladder 7 9.78 0.72 (0.29, 1.48) 1 0.47 2.15 (0.05, 11.97)
Kidney and renal pelvis 14 9.86 1.42 (0.78, 2.38) 1 0.34 2.91 (0.07, 16.22)
Thyroid 11 5.81 1.89 (0.94, 3.39) 0 0.19 0.00 (0.00, 19.61)
All hematopoietic malignancies 27 2142 1.26 (0.83, 1.83) 1 0.86 1.17 (0.03, 6.50)
Lymphoma 17 10.63 1.60 (0.93, 2.56) 0 0.43 0.00 (0.00, 8.61)
Myeloma 3 4.48 0.67 (0.14, 1.96) 0 0.16 0.00 (0.00, 22.92)
Leukemia 7 6.31 1.11 (0.45, 2.29) 2 0.44 4.50 (0.55, 16.27)

SPCs, second primary cancers; NENs, neuroendocrine neoplasms; SIR ,standardized incidence ratio; CI, confidence interval.
* means having statistical significance.

TABLE 6 Relative risk of selected SPCs after first rectal NENs by tumor stage in US from 2000 through 2018.

Localized Regional Distant
SIR SIR(95% SIR
Observed Expected (95%Cl) Observed Expected Cl) Observed Expected (95%Cl)
1.18* 1.31 (081, 0.89 (0.41,
All sites 1212 1024.95 (1.12,125) | 21 15.99 2.01) 9 10.07 1.70)
Lo70 00331 1.18* 1.36 (0.82, 0.90 (0.39,
All solid tumors : (1.11,126) 19 14.02 2.12) 8 8.85 1.78)
Oral cavity and 0.79 (0.49, 2.56 (0.06, 0.00 (0.00,
21 26.64 1 0.39 0 0.26
pharynx 1.21) 14.27) 14.16)
. 062 057 021, 016 0.00 (0.00, 0 ol 0.00 (0.00,
Esophagus ’ 1.23) ’ 22.98) : 34.68)
1.18 (0.73, 334 (0.08, 0.00 (0.00,
21 17.7 1 0. 1
Stomach 3 1.81) 30 18.63) 0 019 19.64)
o 0 56 60 (073, | | 008 0.00 (0.00 . 0.06 18.03 (0.46
Small intestine 3.04) 45.08) 100.46)
(Continued)
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TABLE 6 Continued

Localized Regional Distant
SIR SIR(95% SIR
Observed Expected (95%CIl) Observed Expected Cl) Observed Expected = (95%Cl)
2.10* 1.94 (0.40, 3.91% (1.07,
204 97.13 3 1.54 4 1.02
Colorectum (1.82, 2.41) 5.68) 10.01)
1.06 (0.74, 5.91* 0.00 (0.00,
- 34 31.99 3 0.51 0 0.32
Hepatobiliary 1.49) (1.22,17.27) 11.52)
4 30.04 1.36 (0.98, 1 0.48 2.07 (0.05, 0 0.30 0.00 (0.00,
Pancreas ’ 1.85) ’ 11.51) : 12.12)
L 1.1 .93, 2. .75, . .00,
ung and 147 134.20 0(0.93 5 218 30 (0.75 0 135 0.00 (0.00
bronchus 1.29) 5.36) 2.74)
Mel f th 0.51 (0.31, .00 (0.00, .0 .00,
'ea.noma of the 20 39.03 51 (0.3 0 0.59 0.00 (0.00 0 035 0.00 (0.
skin 0.79) 6.30) 10.59)
133 142.88 0.93 (0.78, 1 227 0.44 (0.01, 1 126 0.00 (0.20,
Breast ' 1.10) ’ 2.45) ’ 441)
Female genital 14 56.43 0.78 (0.57, 0 0.89 0.00 (0.00, 0 0.49 0.00 (0.00,
system 1.05) 4.14) 7.60)
1.47* .41 (0.01, . .01,
253 172.00 7 1 245 041 (0.01 1 1.78 0.56 (0.01
Prostate (1.30, 1.66) 2.27) 3.12)
0.79 (0.54, 1.41 (0.04, 0.00 (0.00,
R 33 41.68 1 0.71 0 0.42
Urinary bladder 1.11) 7.85) 8.88)
Kidney and renal 1.08 (0.76, 1.82 (0.05, 2.75 (0.07,
. 40 37.11 1 0.55 1 0.36
pelvis 1.48) 10.13) 15.30)
30 20.07 1.49% 1 030 3.28 (0.08, 0 0.18 0.00 (0.00,
Thyroid : (1.01, 2.13) : 18.30) : 20.41)
All h ieti . .96, . .02, . .00,
: ematﬁ)pmetlc 100 8466 1.18 (0.96. 1 135 0.74 (0.02 0 0.84 0.00 (0.00.
malignancies 1.44) 4.14) 4.41)
1.36* 1.4 .04, . .00,
57 41.92 36 1 0.68 7 (0.04 0 0.41 0.00 (0.00
Lymphoma (1.03, 1.76) 8.19) 8.98)
18 17.57 1.02 (0.61, 0 026 0.00 (0.00, 0 0.18 0.00 (0.00,
Myeloma ’ 1.62) ’ 14.10) ’ 14.87)
25 25.17 0.99 (0.64, 0 0.40 0.00 (0.00, 0 0.25 0.00 (0.00,
Leukemia ' 1.47) ' 9.13) ’ 14.87)

SPCs, second primary cancers; NENs, neuroendocrine neoplasms; SIR, standardized incidence ratio; CI, confidence interval.
* means having statistical significance.
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FIGURE 3
Trend in excess burden of SPCs among rectal NENs survivors.
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Risk of developing SPCs by time latency after rectal NENs diagnosis.

population within the first four years following a rectal NENs
diagnosis, but this increased risk diminishes after four years. This
suggests that the higher incidence of SPCs may be influenced by
individual genetic predisposition (16-19). Therefore, implementing
focused surveillance during the initial four years is important for
promptly detecting potential subsequent cancers in this cohort.
Our study has several limitations that need to be considered
when interpreting the results. Firstly, we lacked detailed
information on genetic or environmental risk factors and
treatment, which may influence the outcomes. Additionally, a 2-
month latency period between the initial cancer diagnosis and the
identification of subsequent malignancies may have resulted in an

g
&
I3
)
.
>
SRS S S boodo bbb o } .......
A . S S T A P A
Age at diagnosis of Rectal NENs
FIGURE 5

Risk of developing SPCs by age at rectal NENs diagnosis.
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overestimation of the true incidence of SPCs. Despite these
limitations, our study stands out by examining the association
between a first diagnosis of rectal NENs and subsequent
malignancies using the largest and most recent cohort from the
United States. Furthermore, we provided risk stratification based on
patient demographics and characteristics, which enhances
awareness regarding SPCs in this specific patient population.

In conclusion, rectal NENs survivors were found to have an
increased risk of SPCs compared with the age-matched general US
population, especially within the first four years following their
initial cancer diagnosis. Furthermore, our study expands upon
existing data by demonstrating long-term trends in SPC incidence
among rectal NENs survivors, based on a larger patient sample.
These findings have the potential to inform further studies on the
etiology of SPCs and aid in shaping improved survivorship
strategies for patients with rectal NENs. With advancements in
cancer treatment and improved survival rates, it is crucial for
healthcare practitioners and cancer survivors to be aware of the
heightened risk of subsequent primary malignancies. Our findings
provide valuable insights that can guide healthcare providers in
customizing survivorship care plans to meet individual patient
needs and address associated risks. Given the complexities of
cancer management, there is a pressing need for research focused
on identifying the most appropriate and feasible strategies.
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